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(54) Side impact air bag nnoduie 

(57) An air bag module (1 Ob) includes an air bag, an 
Inflator (40b), and a diffuser {100b) that receives the 
inflator. The diffuser (100b) has a central wall portion 
(122b) which is spaced racfially outward from the inflator 
(40b) to define a diffuser chamber (128b). A first, end 
portion (110b) of the diffuser (1C)0b) extends radially 
inward from the central wall portion (122b) and blocks 
axial movement of the inflator (40b) in a first axial direc- 
tion (138b). A second end portion (120b) of the diffuser 
(100b) has a radial portion (140b) extending radially 
inward from the central wall portion (122b) of the dif- 
fuser. The radial portion (140b) blocks radial movement 
of the second end portion (80b) of the inflator (40b) and 
blocks axial movement of the inflator in a second axial 
direction (158b) opposite to the first axial direction 
(138b). The module (10b) includes means, such as a 
plurality of bolts (130b). for supporting the module on a 
portion of a vehicle, such as a vehicle seat. 
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Description 

Related Application 

This application is a continuation-in-part of co- 
pending U.S. Patent Application Serial No. 08/601,721, 
filed February 15, 1996. by the same inventors, entitled 
"Side Impact Air Bag Module". 

Background of the invention 

Technical Field 

The present invention relates to a vehicle safety 
apparatus and pcurticularly relates to an air bag module 
including an inflatable vehicle occupant protection 
device, such as an air bag. for helping to protect a vehi- 
cle occupant in the event of a side impact to the vehicle. 

Description of the Prior Art 

It is known to inflate an air bag to help protect a 
vehicle occupant in the event of a side impact to a vehi- 
cle of a magnitude above a predetermined threshold. 
The air bag is stored in a deflated condition, together 
vyith an inf lator. in a vehicle seat, for example. In the 
event of a side impact to the vehicle of a magnitude 
above the predetermined threshold, the inf lator is actu- 
ated, and the air bag is inflated into a position between 
the vehicle occupant in the vehicle seat and the adja- 
cent skJe structure of the vehicle such as a door or win- 
dow of the vehicle or a bcxJy panel of the vehicle. The air 
bag helps protect the vehicle occupant from forcefully 
being struck by parts of the side structure of the vehicle. 
The air bag can also help protect the vehicle occupant 
from objects which might intrude into the vehicle, such 
as a pole or a tree, during the side impact. 

Summary of the Invention 

The present invention is a vehicle siafety apparatus 
for helping to protect an occupant of a vehicle in the 
event of an Impact to the vehicle. The apf>aratus com- 
prises an inflatat)le occupant protection device which 
has a deflated condition and which is inflatable into a 
position adjacent to the vehicle occupant for helping to 
protect the vehicle occupam. The apparatus also 
includes an inf lator which is actuataWe to provide infla- 
tion fluid for inflating the inflatable device. The irrflator 
has an axis, a first end portion, a second end portion, 
and a central portion between the first and second end 
portions. The apparatus further includes a diffuser 
receiving the inf lator. The diffuser has a central wall por- 
tion and first and second opposite end portions. The 
apparatus includes means for supporting the diffuser 
and the inf lator on the vehicle. The central wall portion 
of the diffuser is spaced radially outward from the cen- 
tral portion of the inflator to define a diffuser chamber 
between the central wall portion of the diffuser and the 



central portion of the inflator. The first end portion of the 
diffuser extends radially inward from the central wall 
portion of the diffuser and blocks axial movement of the 
inflator in a first axial direction. The second end portion 
5 of the diffuser has a radial portion extending radially 
inward from the central wall portion of the diffuser in a 
direction toward the axis. The radial portion of the dif- 
fuser blocks radial movement of the second end portion 
of the inflator and blocks axial movement of the inflator 
10 in a second axial direction opposite to the first axial 
direction. 

Brief Description of the Drawinos 

15 The foregoing and other features of the present 
invention will become apparent to one skilled in the art 
to which the present invention relates upon considera- 
tion of the following description of the invention with ref- 
erence to the accompanying drawings, wherein: 

20 

Fig. 1 is a schematic side eievational view of a vehi- 
cle seat and an air bag module constructed in 
accordance with the present invention, showing the 
air t>ag in an inflated condition; 

25 Rg. 2 is a schematic view, partially in section, of a 
portion of the air bag module of Fig. 1 ; 
Fig. 3 is a sectional view of an inflator arxi a diffuser 
which form a part of the air bag module of Fig. 1 ; 
Fig. 4 is a partial sectional view of a portion of an air 

30 bag rnodule which is constructed in accordance 
with a second embodiment of thie present invention; 
Fig. 5 is a view, similar to Rg. 3. of an inflator and a 
diffuser which form a part of an air bag module con- 
structed in accordance with a third emtxxliment of 

35 the present invention; 

Rg. 6 is a perspective view of an air bag module 
constructed in accordance with a fourth embodi- 
ment of the present invention; 
Fig. 7 is a sectional view taken generally along line 

40 7-7 of Fig. 6; 

Rg. 8 is a perspective view of an air bag module 
constructed in accordance with a fifth embodiment 
of the present invention; 

Fig. 9 is a sectional view taken generally along line 
45 9-9 of Fig. 8; 

Rg. 10 is a perspective view of an air bag module 

constructed in accordance with a sixth embodiment 

of the present invention; and 

Fig. 1 1 is a sectional view taken generally along line 
50 11-11 Of Rg. 10. 

Description of Preferred Embodiments 

The present invention relates to a vehicle safety 
55 apparatus, and particularly relates to an air bag module 
including an inflatable vehicle occupant protection 
device, such as an air bag. for helping to protect a vehi- 
cle occupant in the event of a side impact to the vehicle 
of a magnitude sufficient to require inflation of the inf lat- 
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able device. The present invention is applicable to vari- 
ous vehicle safety apparatus constructions. As 
representative of the present invention. Figs. 1 -3 illus- 
trate a vehicle safety apparatus or air bag module 10. 

The air bag module 10 (Fig. 1) is connected with a 
seat frame member 1 2 of a seat 1 4 for an occupant of a 
vehide. The seat 14 includes a seat bottom cushion 16 
and a seatback 18 connected with the seat bottom 
cushion. A forward direction in the vehicle is indicated 
by the arrow 20 (Fig. 1) and a rearward direction in the 
vehicle is indicated by the arrow 22. 

The air bag module 10 includes an inflatable 
device, illustrated schematically at 30. which is com- 
monly known as an air bag. The air bag 30 is preferably 
made from a fabric material such as woven nylon. The 
air bag 30 can alternatively be made from a non-woven 
material, such as plastic film. The air bag module 10 
also includes a cover indicated schematically at 32 (Fig. 
2) which encloses the folded air bag 30. The cover 32 is 
opened by the inflating air bag 30 to enable deployment 
of the air bag into a position to help protect an occupant 
of the vehicle seatt. The air bag module 10. including the 
cover 32, is k)cated within the vehicle seatback 18 
underneath the fabric material or leather covering of the 
seat. 

The air bag module 10 also includes an inflator 40. 
The irrf lator 40 is illustrated as an "augmenT type infla- 
tor which includes both inflation fluid stored in a con- 
tainer and an ignitable material for heating and thereby 
increasing the pressure of the inflation fluid. The module 
10. alternatively could include an inflator which contains 
only a stored quantity of pressurized inflation fluid, or a 
pyrotechnic inflator which uses the combustion of gas- 
generating material to generate inflation fluid in the form 
of gas to inflate the air bag 30. 

As illustrated schematically in.Rg. 3. the inflator 40 
includes a container 42 which defines an inflation fluid 
chamber 44. The inflation fluid chamber 44 contains a 
stored quantity of pressurized inflation fluid 46. At one 
end of the inflation fluid chamber 44 is a rupturable por- 
tion of the container or a rupturable member such as a 
burst disk 48. An ignitat^le material 50 is disposed within 
the container 42 at a location adjacent to the irrflation 
flukj chamber 44 for, when ignited, heating irrflation fluid 
46 flowing from the inflation fluid chamber. An electri- . 
cally actuatable igniter 52, for igniting the ignitable 
material 50 and for opening the inflation fluid chamber 
44, is disposed adjacent to the ignitable material. A pair 
of lead wires 76 extend from a cylindrical end portion 74 
of the igniter 52. 

The inflator 40 has a generally cylindrical configura- 
tion centered on a longitudinal axis 60. A central portion 
62 of the inflator 40 includes a cylindrical side wall 64 of 
the inflator. The side waW 64 has a cylindrical outer side 
surface 66. The central portion 62 of the inflator 40 also 
includes a plurality of fluid outiets 68 which are spaced 
apart 180*" around the circumference of the inflator. 

A first end portion 70 of the inflator 40 has a flat, 
radially extending end surface 72. The end portion 74 of 



the igniter 52 projects from the end surface 72 of the 
inflator 40. A second end portion 80 of the inflator 40 
has a domed configuration including a convex outer sur- 
face 82. The convex outer surface 82 of the second end 

5 portion 80 of \he inflator 40 merges with the cylindrical 
outer surface 66 of th)e central portion 62 of the inflator. 
The second end portion 80 of the irrflator 40 include 
one axial end portion (to the left as viewed in Fig. 3) of 
. tfie inflation fluid chamber 44. 

10 The vehicle in which the air bag module 10 is 
mounted includes known means indicated schemati- 
cally at 90 (Fig. 1) tor sensing a side impact to the vehi- 
cle and for actuating the Inflator 40 in response to the 
sensing of a side impact. The means 90 may include a 

75 side impact sensor and vehicle circuitry for electrically 
actuating the inflator 40 in response to sensing a side 
innpact to the vehicle above a predetermined threshold. 
The means 90 is electrically connected with the igniter 
52 of the inflator 40, via the lead wires 76. for providing 

20 an actuation signal to the inflator. 

The air bag module 10 also indudes a diffuser 100 
(Figs. 2 arKi 3) which may also be referred to herein as 
a retainer assembly or retainer. The diffuser IQO is 
made from a single piece of metal and has an elongate, 

25 generally cylindrical configuration. The diffuser 100* 
includes a central portion 102. a first end portion 110. 
and a second end portion 120. 

A cylindrical skJe wall 122 of the diffuser 100 
extends for the length of the central portion 102 of the 

30 diffuser. The side wail 122 is centered on the axis 60 
and has opposite inner and outer side surfaces 124 and 
126. The central portion 102 of the diffuser 100. includ- 
ing tile side wall 122, is spaced radially outward from 
the cylindrical outer surface 66 of the inflator 40. 

35 An annular, axially extending, diffuser chamber 128 
is defined between the side wall 1 22 of tiie diffuser 1 00 
and the cylindrical outer surface 66 of the inflator 40. A 
series of circular fluid outiet openings 1 29 are formed in 
the side wall 122 of the diffuser 100 and communicate 

40 Ijetween the diffuser chamber 128 and the exterior of 
the diffuser. As illustrated, the openings 129 are aligned 
in a row centered on a line which ^ends parallel to the 
longitudinal axis 60. A pair of mounting boWs 1 30 extend 
radially outward from the side wall 122 of the drffuser 

45 100. opposite the fluid outlet openings 1 29. 

The first end portion 110 of the diffuser 100 is a 
damping portion of the diffuser which is disposed at and 
supports the first end portion 70 of the inflator 40. The 
first end portion 1 1 0 of the diffuser 1 00 includes a f rus- 

50 toconical wall portion 132 which extends axially away 
from and radially inward from the cylindrical side wall 
122 of the diffuser. The frustoconicai wall portion 132 
engages and supports the first end portion 70 of the 
inflator 40. 

55 The first end portion 110 of the diffuser 100 also 
includes a flat annular wall portion 134 which extends 
radially inward from the frustoconicai wat^ portion 132. 
The wall portion 134 overlies the radially extending 
outer end surface 72 of the inflator 40. The wall portion 
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1 34 has a circular opening 1 36 which receives the cylin- 
drical outer end portion 74 of the igniter 52. The opening 
136 Is preferably larger in diameter than the outer end 
portion 74 of the Igniter 52. Alternatively, the opening 
136 may engage and support the outer end portion 74 
of the igniter 52. 

The first end portion 70 of the inf lator is thus sup- 
ported on the first end portion lio of the diffuser 100. 
By engaging the first end portion 70 of the inflator 40, 
the first end portion 1 1 0 of the diffuser 100 blocks radial 
movement of the first end portion of the inflator relative 
to the diffuser. The first end portion 1 10 of the diffuser 
100 also blocks axial movement of the inflator 40, rela- 
tive to the diffuser, in a first axial direction as indicated 
by the arrow 138. that is to the right as viewed in Fig. 3. 
The first erid portion 1 10 of the diffuser 100 closes and 
seals the diffuser chamber 128 at one end. that is, to the 
right as viewed in Fig. 3^ 

A second end portion 120 of the diffuser 100 is a 
clamping portion of the diffuser which is disposed at and 
supports the second end portion 80 of the inflator 40. 
The second end portion 120 of the diffuser 100 com- 
prises a curled wall portion or curl portion 140 of the dif- 
fuser. The second end portion 120 is formed as an 
extension of the cylindrical wall portion 122 of the dif- 
fuser 100. The second end portion 120 of the diffuser 
has a cylindrical configuration as shown in phantom in 
Fig. 3 prior to assembly of the air bag module 100. The 
second end portion 120 of the diffuser 100 is movable 
from the cylindrical condition shown in phantom in Fig. 
3 to the curled condition shown in solid lines in Fig. 3 
during assembly of the air bag module 1 0. 

The curl portion 1 40 has an arcuate cross-sectional 
configuration centered on a circular bending axis 141. 
as seen in Fig. 3. The curl portion 140 of the diffuser 
1 00 extends radially inward from the cylindrical side wall 
122 at a plurality of locations which are disposed in a 
circular an-ay which is centered on the axis 60. In the 
prefen'ed embodiment, the curl portion 140 of the dif- 
fuser 100 extends radially inward from the cylindrical 
side wall 122, In a uniform manner, for 360** around the 
axis 60. "me curl portion 140 defines a circular opening 
142 which receives the second end portion 80 of the 
Inflator 40. An inner side surface 146 of the curl portion 
140 extends as a continuation of the inner side surface 
124 of the cylindrical side wall 122 of the diffuser 100. 

An outer side surfece 150 of the curl portion 140 
extends as a continuation of the outer side surface 126 
of the cylindrical side wall 122 of the diffuser 100. The 
outer side surface 150 of the curl portion 140 engages 
the convex outer surface 82 of the domed second end 
portion 80 of the Irrflator 40. This engagement occurs 
along a circular area or line of engagement 1 54 extend- 
ing around and centered on the axis 60. in a uniform 
manner for 360° around the axis. That is. the curl por- 
tion 140 of the diffuser 100 engages and supports the 
inflator 40 at a plurality or series of locations which are 
disposed in a circular anray extending around the axis 
60. 
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The second end portion 120 of the diffuser 100 
closes and seals the diffuser chamber 128 at one end, 
that is, to the left as viewed in Fig. 3. The second end 
portion 1 20 of the diffuser 1 00 blocks axial movement of 
5 the inflator 40, relative to the diffuser, in a second axial 
direction as Indicated by the an-ow 1 58, that is, to the left 
as viewed in Fig. 3. The second end portion 120 of the 
diffuser 100 also blocks radial movement of the second 
end portion 80 of the Inflator 40, relative to the diffuser. 
10 The inflator 40 Is Inserted into the diffuser 1 00 when 
the diffuser has a completely cylindrical configuration, 
that Is, when the end portions 110 and 120 of the dif- 
fuser are not yet bent radially inward from the cylindrical 
side wal? 122. The first end portion 1 10 of the diffuser 
IS 100 is tf- en deformed Inward into engagement with the 
first end portion 70 of the inflator 40. The second end 
portion 120 of the diffuser 100 is then curled into 
engagement with the second end portion 80 of the infla- 
tor 40. The inflator 40 is clamped in the diffuser 1 00 with 
20 an axially directed force in the range of from about 80 
• • pounds to akx>ut 300 pounds. The inflator 40 engages, 
or is connected with, the diffuser 100 only at the end 
portions 110 and 120 of the diffuser; there is no other 
connection or engagement between the Inflator and the 
25 diffuser. 

The assembly of the inflator 40 and the diffuser 100 . 
is then inserted into the air bag 30 and the cover 32. The 
mounting bolts 1 30 extend through fastener openings in 
the air bag 30 and the cover 32. The lead wires 76 

30 extend out of the air bag 30 through another opening 
(not shown) in the air bag. 

A pair of nuts 160 secure a mounting bracket 162 
on the mounting bolts 130. The mounting bracket 162 is 
then secured by fasteners 164 to the seat frame mem- 

35 ber 12 in the seatback 18. The module 10 Is preferably 
mounted on the seatback 18 so that when the seatback 
is reclined at an angle of 25" from the vertical and the 
inflator 40 is actuated, the air bag 30 deploys in a gen- 
erally fonrt^ard and upward direction as Illustrated In Fig. 

40 1. . . 

In the event of a side Impact to the vehicle of a mag- 
nitude for which inflation of the air bag 30 is desired to 
help protect the vehicle occupant, the igniter 52 is actu- 
ated The ignitable material 50 ignites and the burst disk 

45 48 ruptures. The inflation fluid 46 flows out of the con- 
tainer 42, past the ignitable material 50. As the inflation 
fluid 46 flows past the ignitable material 50, the inflation 
fluid is heated and its pressure Increases. The inflation 
fluid 46 flows out of the inflator 40, through the fluid out- 

50 lets 68 in the inflator, and into the diffuser chamber 1 28. 
The inflation fluid 46 flows out of the diffuser chamber 
128. through the openings 129 in the diffuser 100. and 
into the air bag 30. The rapidly flowing inflation fluid 
causes the air bag 30 to cut through the portions of the 

55 seatback 18 which overlie the module 10, such as foam 
cushion material and/or fabric material or leather cover- 
ing of the seat. The air bag 30 inflates from a folded, 
stored condition to an inflated condition as Illustrated In 
Fig. 1. 
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Fig. 4 illustrates a portion of an air bag module 10a 
which is constructed in accordance with a second 
embodiment of the present invention. Parts of the air 
bag module 1 0a which are the same as or similar to cor- 
responding parts of the module 1 0 are given the same 5 
reference numeral with the suffix "a" added for clarity. 

The air bag module 10a includes an inflator 40a 
which is the same as the inflator 40 (Rgs. 1-3). The 
module 10a includes a retainer or diffuser 100a. which 
may also be referred to herein as a retainer, which is 10 
generally similar to the diffuser 100 (Figs. 1-3). In the 
diffuser 100a. however, the curl portion 140a does not 
engage the domed second end portion 80a of the infla- 
tor 40a. Instead, a cushion 1 70 is disposed between the 
curl portion 140a of the diffuser 100a and the second is 
end portion 80a of the inflator 40a. The cushion 1 70 and 
the diffuse 100a together form a retainer assembly of 
the air bag module 10a. 

The cushion 1 70 is made from a compressible 
material such as rubber or plastic and includes a gener- 20 
ally hemispherical main body portion 172. The main 
body portion 172 of the cushion 170 is closely fitted 
around the domed end portion 80a of the inflator 40a. 
The main body portion 172 of the cushion 170 has a 
generally hemispherical outer side surface 174. 25 

A plurality of ribs 1 76 project radially outward from 
the outer side.surface 1 74 of the main body portion 1 72 
of the cushion 170. The ribs 176 engage the inner side 
surface 124a of the cylindrical wall portion 122a of the 
diffuser 1 00a. The engagement of the ribs 1 76 with the so 
diffuser 100a maintains the second end portion 80a of 
the inflator 40a at a position centered on the axis 60a. 

The curl portion 140a of the diffuser 100a engages 
the outer side surface 1 74 of the main body portion 1 72 
of the cushion 1 70. An annular edge 1 80 of the curl por- 35 
tion 140a extends into the material of the main body 
portion 1 72 of the cushion 1 70 and clamps the cushion 
against the second end portion 80a of the inflator 40a. 
The cushion 1 70 t>locks metal to m^al contact between 
the second end portion 120a of the diffuser 100a and 40 
the second end portion 80a of the inflator 40a. 

Fig. 5 illustrates a portion of an air bag module 10b 
which is constructed in accordance with a third embod- 
iment of the present invention. Parts of the air bag mod- . 
ule 10b which are the same as or similar to 45 
corresponding parts of the modules 10 (Figs. 1-3) or 
10a (Fig. 4) are given the same reference numeral with 
the suffix "b" added for clarity. 

The air bag module 10b includes an inflator 40b 
which is the same as the inflator 40 (Rgs. 1-3). The so 
module 1 0b includes a retainer or diffuser 1 00b which is 
generally similar to the diffuser 100 (Figs. 1 -3). 

A second end portion 120b of the diffuser 100b is 
disposed at and supports the second end portion 80b of 
the irrf lator 40b. The second end portion 1 20b of the dif- ss 
fuser 100b comprises a radial formed wall portion or 
radial portion 140b of the diffuser. The second end por- 
tion 120b is formed as an extension of the cylindrical 
wall portion 122b of the diffuser 100b. The second end 



portion 120b of the diffuser has a cylindrical configura* 
tion, shown in phantom in Rg. 5, prior to assembly of 
the air bag module lOOb. The second end portion 120b 
of the diffuser 100b is movable from the cylindrical con- 
dition to the condition shown in solid lines in Rg. 5 dur- 
ing assembly of the air bag module 1 0b. 

The radial portion 140b of the diffuser 1 00b is simi- 
lar to the curl portion 140 of the diffuser 100 (Rgs. 1-3) 
with the exception that the radial portion does not curl 
axially toward the first end portion 1 10b of the diffuser. 
Specifically, the radial portion 140b of the diffuser 100b 
extends radially inward from the cylindrical side wall 
122b at least at a plurality of locations which are dis- 
posed in a circular array which is centered on the axis 
60b. In the preferred emkxxiiment the radial portion 
140b of the diffuser 100b has an arcuate or hemispher- 
ical wall portion 190b which extends radially inward 
from the cylindrical side wall 122b. in a uniform manner, 
for 360** around the axis 60b. The radial portion 140b 
could, alternatively, be a series of discrete sections in a 
circular array. The arcuate wall portion 190b of the radial 
portion 140b of the diffuser 100b terminates in an annu- 
lar, radially extending inner wall portion 192b. 

A cushion 1 70b is disposed between the radial por- 
tion 140b of the diffuser 100b and the second erid por- 
tion 80b of the inflator 40b. The cushion 170b and tiie 
diffuser 100b together form a retainer assembly of the 
air bag module 10b. The cushion 170b includes a gen- 
erally hemispherical main body portion 172b which is 
closely fitted around tiie domed end portion 80b of the 
inflator 40b. The main body portion 1 72b of the cushion 
170b has a generally hemispherical outer side surface 
.174b when in an undeformed condition (not shown). 

The radial portion 140b of the diffuser 100b 
engages the outer side surface 174b of the main body 
portion 172b of the cushion 170b. An annular edge 
1 94b of the radial portion .1 40b compresses the material 
of the main body portion 172b of the cushion 170b and 
clamps the cushion against the second end portion 80b 
of the inflator 40b. The cushion 170b fc)locks metcU to 
metal contact between the second end portion I20b of 
the diffuser 100b and the second end portion 80b of the 
inflator 40b. 

Rgs. 6 and 7 illustrate portions of an air bag module 
10c which is constructed in accordance with a fourth 
embodiment of the present invention. The air bag mod- 
ule 10c may be substituted for the air bag module 10, in 
the vehicle seat 14 (Fig. 1). 

The air bag module 10c (Figs. 6 and 7) includes an 
elongate inflator 40c. The inflator 40c includes a cylin- 
drical body portion 200 having a cylindrical outer sur- 
face 202 centered on an axis 60c of the inflator. A 
cylindrical neck portion 204 of the inflator 40c projects 
from the kx)dy portion 200 at a first end portion 206 of 
the inflator. The neck portion 204 is smaller in diameter 
than the body portion 200. The neck portion 204 
includes a plurality of inflation fluid outiets 208. An elec- 
trical connector 210 is located at a second end portion 
212 of the inflator 40c. 
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The module 10b includes a tubular retainer assem- 
bly 220 for securing the inf lator 40c in position relative to 
the seat member 12 of the vehicle seat 14. The retainer 
assembly 220 includes a tubular diffuser or retainer 
100c formed from one piece of sheet metal stamped 5 
and formed to the generally cylindrical configuration 
shown in Fig. 6. A pair of externally threaded weld studs 
130c are secured to the retainer 100c along an imagi- 
nary baseline 222 of the retainer. 

The retainer 100c includes first and second side 10 
walls 230 and 240 on opposite sides of the baseline 
222. The first side wall 230 has a cylindrical portion 232 
which extends about 90** around the circumference of 
the retainer 100b In a direction away from the k^aseline 
222. The cylindrical portion 232 of the first side wall 230 is 
has a cylindrical inner surface 234. 

The second side wall 240 has a cylindricaJ portion 
242 which extends about 90** around the circumference 
of the retainer 100b In a direction away from the k>ase- 
line 222. The cylindrical portion 242 of the second side so 
watt 240 has a cylindrical inner surface 244 which is pre- 
sented toward the cylindrical inner surface 234 of the 
first side wall 230. The side wall inner surfaces 234 and 
244 have the same radius of curvature as the cylindrical 
outer side surface 202 of the body portion 200 of the 2S 
inf (ator 40c. 

From the cylindrical portions 232 and 242. the side 
walls 230 and 240 extend in a direction generally tan- 
gential to the cylindrical inner surfaces 234 and 244. 
Arcuate end portions 236 and 246 of the side walls 230 30 
and 240 are overlapped at a seam 248 diametrically ' 
opposite the baseline 222. The seam 248 may be spot 
welded or othenwise secured. The end portions 236 and 
246 of tiie side walls 230 and 240. respectively, of the 
retainer 100c have a plurality of openings 249 for ena- 35 
Wing flow of inflation fluid out of the retainer. 

A planar end wall 250 of the retainer 100c is folded 
about a hinge portion 252 to an orientation generally 
perpendicular to the axis 60c. The end wall 250 at least 
partially closes the first end portion 1 1 0c of the retainer 40 
100c. The side walls 230 and 240 and the end wall 250 
define a diffuser chamber 252 inside the retainer 100c. 
The second end portion 120c of the retainer 100c is 
open to enable electrical connection with the inflator 
40c. 45 

A first clamping portion 260 of the retainer 100c 
includes a pair of first retaining tabs 262 and 264 
located opposite each other on the side waits 230 and 
240. respectively, of the retainer. A second clamping 
portion 270 of the retainer 100c includes a pair of sec- so 
ond retaining tabs 272 and 274 located opposite each 
other on the side walls 230 and 240, respectively of the 
retainer The first retaining tabs 262 and 264 are spaced 
apart axially along the length of the retainer 100c from 
the second retaining tabs 272 and 274. 55 

Each one of the retaining tabs 262, 264. 272 and 
274 comprises a relatively small portion of the material 
of the retainer 1 00c. Each one of the retaining tabs 262. 
264, 272 and 274 Is formed by cutting the material of the 



retainer 100c along three sides of a rectangular area. 
The retaining tabs 262, 264, 272 and 274 are located 
about 1 20* from the baseline 222 of the retainer 1 00c. 

The inflator 40c is inserted axially into the diffuser 
chamber 252 in the retainer 100c. The four retaining 
tabs 262, 264, 272 and 274 are then moved inwarclly 
into clamping engagement with the outer surface 202 of 
the body portion 200 of the inflator 40c, at locations 
spaced axially along the length of the inflator. The 
retaining tabs 262. 264. 272, and 274 force the cylindri- 
cal body portion 200 of the inflator 40c into mating 
engagement with the cylindrical inner side surfaces 234 
and 244 of the side walls 230 and 240, respectively, of 
the retainer 100c. 

The first retaining tabs 262 and 264 of the retainer 
100c engage a first outer surface portion 280 of the 
inflator 40c to block radial and axial movement of the 
first outer surface portion of the inflator. The second 
retaining tabs 272 and 274 of the r^ainer 100c engage 
a second outer surface portion 282 of the inflator 40c, 
spaced axially from the first outer surface portion 280. 
to block radial and axial movement of the second outer 
surface portioii of the inflator. The force of the retaining 
tabs 262, 264, 272 and 274. clamping the inflator 40c 
against the retainer 100c. is sufficient to hold the inflator 
in position relative to the inflator. There are no fasteners, 
such ias bolts or welds, extending between the retainer 
1 00c and the Inflator 40c. 

Rgs. 8 and 9 illustrate portions of an air bag module 
10d which is constructed in accordance with a fiftti 
embodiment of the Invention. The air bag module lOd 
includes an inflator 40d which is identical to tiie inflator 
40c (Figs. 6 and 7). The module lOd includes a retainer 
assembly 220d which includes a diffuser or retainer 
lOOd for securing the inflator 40d in position relative to 
the seat member 1 2 of the vehicle seat 14. 

The retainer 1 0Od, for about half of its length, has a 
configuration similar to ttie configuration of the retainer 
100c (Figs. 6 and 7). The remaining length of tiie 
retainer lOOd includes two side wall portions 300 and 
310 into which the body portion 200d of the inflator 40d 
is press fitted. Each one of the side wall portions 300 
and 310 of the retainer lOOd extends 180* circumferen- 
tially in a direction away from the baseline 222d of tiie 
retainer. 

The side wajl portions 300 and 310 have cylindrical 
inner surfaces 302 and 312, respectively The cylindrical 
inner surfaces 302 and 312 have the same radius of 
curvature as tiie cylindrical outer side surface 202d of 
the body portion 200d of the inflator 40d. End portions 
304 and 314 of the side walls 300 and 310. respectively 
are overlapped at a seam 330 which is diametrically 
opposite the baseline 222d. The seam 330 may be spot 
welded or othenivise secured. 

The inflator 40d is inserted axially into the retainer 
lOOd. The body portion 200d of the inflator 40d has a 
press fit within tiie interconnected side wall portions 300 
and 310 of the retainer lOOd. The side wall portions 300 
and 310 of the retainer lOOd are in clamping engage- 
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ment with the outer side surface 202d of the bcxJy por- 
tion 200d of the inflator 40d. at a plurality of locations 
spaced axialiy along the length of the inflator. Specifi- 
cally, a first clanping portion 332 of the retainer lOOd. 
including a part 332a of the first side wall 300 and a part 
332b of the second side wall 310, engages a first outer 
surface portion 334 of the inflator 4Qd to block radial and 
axial movement of the first outer surface portion of the 
inflator. A second clamping portion 336 of the retainer 
1 0Od, including a part 336a of the first side wall 300 and 
a part 336b of the second side wall 310, engages a sec- 
ond outer surface portion 338 of the inflator 40d to block 
radial and axial movement of the second outer surface 
portion of the inflator. The second outer surface portion 
338 of the inflator 40d is spaced apart axialiy from the 
first outer surface portion 334 of the inflator. 

The force of the side wall portions 300 and 310. 
clamping the inflator 40d within the retainer 100d, is suf- 
ficient to hold the inflator in position relative to the infla- 
tor. There are no fasteners, such as bolts or welds, 
extending between the retainer lOOd and the inflator 
40d. 

Figs. 10 and 11 illustrate portions of an air bag 
module 10e which is constructed in accordance with a 
sixth embodiment of the invention. The air bag module 
10e includes an inflator 40e whicli is identical to the 
inflator 40c (Figs. 6 and 7). The module lOe includes a 
tubular retainer assembly 220e which includes a tubular 
diffuser or retainer lOOe for securing the inflator 40e in 
position relative to the seat member 12 of the vehicle 
seat 14. 

The retainer lOOe has a configuration similar to the 
configuration of the retainer lOOd (Rgs. 8 and 9). In the 
retainer lOOe, however, the side wall portions 300e and 
310e do not extend around substantially the entire cir- 
cumferential extent of the body portk>n 200e of the infla- 
tor 40e. Rather, each one of the side wall portions 300e 
and 310e extends around only about 150*'-160** of the 
circumference of the body portion 200e of the inflator 
40e. Outwardly flared end portions 304e and 31 4e of 
the side wall portions 300e and 31 Oe. respectively, are 
spaced apart to define a gap 340. 

The side wall portions 300e and 310e have a cylin- 
drical configuration with cylindrical inner surfaces 302e 
and 31 2e. respectively. The cylindrical inner surfeices 
302e and 31 2e of the side wall portions 306e and 31 Oe, 
respectively, have the same radius of curvature as the 
cylindrical outer side surface 202e of the body portk>n 
200e of the inflator 40e. 

The retainer lOOe is formed with the side wall por- 
tions SOOe and 31 Oe in a radially inward configuratk>n 
as shown in phantom in Fig. 1 1 . The side wall portions 
300e and 310e are resilient and are movable radially 
outward, against the bias of the material of the retainer 
1 0Ob. to a position as shown in solid lines in Fig. 1 1 . 

The inflator 40e is inserted into the retainer lOOe 
through the gap 340 between the end portions 304e 
and 31 4e of the side wall portions 300e and 31 Oe of the 
rlBtainer. The body portion 200e of the inflator 40e 



forces the side wall portions. 300e and 310e of the 
retainer lOOe radially outward. The side wall portions 
300e and 310e of the retainer lOOe snap into place 
against the outer side surface 2d2e of the body portion 
5 200e of the inflator 40e when the inflator moves into the 
position shown in Figs. 10 and 11 coaxial with the 
retainer. 

The side wall portions 300e and 310e of the 
retainer 100e are in clamping engagement with the 

10 outer side surface 202e of the body portion 200e of the 
inflator 40e. at a plurality of locations spaced axialiy 
along the length oif the inflator Specifically, a first damp- 
ing portion 342 of the retainer lOOe, including a part 
342a of the first side wall 300e and a part 342b of the 

15 second side wall 31 Oe. engages a first outer surface 
portion 344 of the inflator 40e to block radial and axial 
movement of the first outer surface portion of the infla- 
tor A second clamping portion 346 of the retainer lOOe, 
including a part 346a of the first side wall 300e and a 

20 part 346b of the second side wall 31 Oe. engages a sec- 
ond outer surface portion 348 of the inflator 40e to block 
radial and axial movement of the second outer surface 
portion 344 of the irrflator The second outer surface 
portion 348 of the inflator 40e is spaced apart axialiy 

25 from the first outer surface portion 344 of the inflator. 
The force of the side wall portions 300e and 310e. 
clamping the inflator 40e within the retainer lOOe. is suf- 
ficient to hold the inflator In position relative to the infla- 
tor. There are no fasteners, such as bolts or welds. 

30. extending between the retainer lOOe and tiie inflator 
40e. 

From the above description of the invention, those 
skilled in the art will perceive improvements, changes 
and modifications in the invention. For example, the 

35 second end portion of the diffuser need not have the 
curled configuration shown in Figs. 3 and 5, but instead 
may have a different configuration, such as one similar 
to the corrf iguration of the first end portion 1 1 0 of the dif- 
fuser 100. Thus, the second end portion of the diffuser 

40 may comprise one or more wall portions which extend 
radially inward, and perhaps axialiy in a directton away 
from the first end portion of the diffuser. but not sudally in 
a direction toward the first end portion of the diffuser. 
Also, the first end portion of the diffuser could have a 

45 curled configuration similar to the configuration of the 
second end portion 120 of the diffuser 100. In either 
case, the inflator wouki still be clamped axialiy. between 
the diffuser end portions, with a force of from about 80 
pounds to about 300 pounds. Further, a member such 

so as the cushion 1 70 could be provkied between the f u'st 
end portion of the inflator and the first end portion of the 
diffuser. particularly if the first end portion of the inflator 
has a domed or non-flat configuration. Such improve- 
ments, changes and modifications within the skill of the 

55 art are intended to be covered by the appended claims. 
It shouki be noted that the objects and advantages 
of the invention may be attained by means of any com- 
patible combination(s) particularly pointed out in the 
: items of the following summary of the invention and the 
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appended claims. 



SUMMARY OF THE INVEMTION 

1 A vehicle safety apparatus for helping to protect s 
an occupant of a vehicle in the event of an impact to 
the vehicle, said apparatus comprising: 

an inf latabie occupant protection device having 
a deflated condition and being Inflatable into a io 
position adjacent to the vehicle occupant for 
helping to protect the vehicle occupant; 
an inflator which Is actuatable to provide infla- 
tion fluid for inflating said inflatable device, said 
inf later having a longitudinal axis, a first end is 
portion, a second end portion, and a central 
portion between said first and second end por- 
tions; 

a diffuser receiving said inflator. said diffuser 
having a central wait portion and first and sec- 20 
ond opposite end portions; 
means for supporting said diffuser and said 
jnflator on the vehicle; 

said central wall portion of said diffuser being 
spaced radially outward from said central por- 2S 
tion of said inflator to define a diffuser diamber 
between said central wall portion of said dif- 
fuser and said central portion of said inflator; 
said first end portion of said diffuser extending 
radially inward from said central wall portion of 30 
said diffuser and blocking axial movement of ' 
said inflator in a first axial direction; and 
said second end portion of said diffuser having 
a curl portion extending radially inward from 
said central wall portion of said diffuser in a 35 
direction toward said longitudinal axis and 
toward said first end portion of said diffuser. 
said curl portion of said diffuser blocking radial 
movement of said second end portion of said 
inflator and blocking axial movement of said 40 
inflator in a second axial direction opposite to 
said first axial direction. . c 

2. An apparatus wherein said curl portion of said 
diffuser comprises a cylindrical waO portion of said 45 
diffuser which is c wted radially inward and axially in 

a direction toward said first end portion of said dif- 
fuser about a circular bending axis which is cen- 
tered on said longitudinal axis. 

so 

3. An apparatus wherein said curl portion of said 
diffuser has an inner side surface and an opposite 
outer side surface, said curl portion of said diffuser 
comprising a cylindrical wall portion which is 

. deformed radially inwardly by more than SO"" at a ss 
plurality of locations centered on said longitudinal 
axis so that said outer side surface of said curl por- 
tion is presented in a direction toward said longitu- 
dinal axis. 



4. An apparatus wherein said inflator comprises a 
container having an inflation fluid chamber in which 
inflation fluid is stored under pressure, an ignitable 
material for. when ignited, heating said inflation 
fluid, and ignition means for igniting said ignitatrfe 
material and for opening said container, said inflator 
including at least one fluid outlet for directing 
heated inflation fluid from said irrflator into said dif- 
fuser chamber. 

5. An apparatus wherein said curi portion of said 
diffuser engages said second end portion of said 
inflator to block radial and axial movement of said 
second end portion of said inflator. 

6. An apparatus wherein said curl portion of said 
diffuser is spaced apart from said second end por- 
tion of said inflator, said apparatus further compris- 
ing a cushion disposed intermediate saki curi 
portion of said diffuser and said second end portion 
of said inflator, said curl portion of said diffuser 
damping said cushion against said second end 
portion of said inflator to block radial and axial 
movement of said second end portion of said infla- 
tor. 

7. A vehicle safety apparatus for heaping to protect 
an occupant of a vehicle seat in the event of a skie 
impact to the vehicle, said apparatus comprising: 

an inflatable occupant protection device having 
a deflated condition and being inflatable into a 
position between the side structure of the vehi- 
cle and the vehicle occi^Dant for helping to pro- 
tect the vehicle occupant; 
an inflator which is actuatable to provide infla- 
tion fluid for inflating said inflatable device, said 
iriftator having a longitudinal axis, a first end 
portion, a second end portion, and a central 
portion between said first and second end por- 
tions; 

a diffuser receiving said inflator, said diffuser 
having a central wall portion and first and sec- 
ond opposite end portions; 
means for connecting sakI diffuser and said 
inflator with the vehicle seat; 
said central wall portion of said diffuser being 
spaced radially outward from said central por- 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 
fuser and said central portion of said inflator ; 
said first end portion of said diffuser extending 
radially inward from said central wall portion of 
sakl diffuser and blocking axial movement of 
said inflator in a first axial direction; and 
said second end portion of said diffuser having 
a curl portion extending radially inward from 
said central wall portion of said diffuser in a 
direction toward said longitudinal axis and 
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toward said first end portion of said diffuser. 
said curl portion of said diffuser blocking radial 
movement of said second end portion of said 
inflator and blocking axial movement of said 
inflator in a second axial direction opposite to 5 
said first axial direction. 

8. An apparatus wherein said central wall p>ortion of 
said diffuser comprises a cylindrical wall having a 
cylindrical inner surface; 10 

said central portion of said inflator having a 
cylindricaf outer surface which is spaced radially 
inward from said cylindrical inner surface of said dif- 
fuser and having at least one fluid outlet for direct- 
ing inflation fluid from said inflator into said diffuser is 
chamber; 

said central wall section of said diffuser hav- 
ing a plurality of openings for directing inflation fluid 
from said diffuser chaimber into said inflatable 
device. 20 

9. An apparatus wherein said curl portion of said 
diffuser comprises a cylindrical wall portion of said 
diffuser which is curled radially inward and axially in 

. a direction toward said first end portion of said dif- 2S 
fuser about a circular bending axis which is cen- 
tered on said longitudinal axis. 

10. An apparatus wherein said curl portion of said 
diffuser has an inner side surface and an opposite so 
outer side surface, said curl portion of said diffuser 
comprising a cylindrical wall portion which is 
deformed radially inwardly by more than 90** at a 
plurality of locators centered on said longitudinal 
axis so that said outer side surface of said curl por- 3S 
tion is presented in a direction toward said longitu- 
dinal axjs. 

1 1 . An apparatus wherein said inflator comprises a 
container having an inflation fluid chamber in which 40 
inflation fluid is stored under pressure, an ignitable 
materleU for, when ignited, heating said inflation 
fluid, and ignition means for igniting said ignitable 
material and for opening said container, said inflator 
including at least one fluid outiet for directing 4S 
heated inflation fluid from said inflator into said dif- 
fuser chamber. 

12. An apparatus wherein said curl portion of said 
diffuser engages said second end portion of said so 
inflator to block radial and axial movement of said 
second end pprtion of said inflator. 

13. An apparatus wherein said second end portion 

of said inflator has a domed configuration including ss 
a convex outer surface which is presented toward 
said curl portion of said diffuser, said curl portion of 
said diffuser engaging said convex outer surface at 
a plurality of locations in a circular array extending 



around said longitudinal axis. 

14. An apparatus wherein said curl portion of said 
diffuser is spaced apart from said second end por- 
tion of said inflator, said apparatus further compris- 
ing a cushion disposed intermediate said curl 
portion of said diffuser and said second end portion 
of said inflator. said curl portion of said diffuser 
clamping said cushion against said second end 
portion of said inflator to block radiaJ and axial 
movement of said second end portion of said infla- 
tor. 

15. A vehicle safety apparatus for helping to protect 
an occupant of a vehicle seat in the event of a side 
impact to the vehicle, said apparatus comprising: 

an inflatat>le occupant protection device having 
a deflated condition and being inflatable into a 
position between the side structure of the vehi- 
cle and the vehicle occupant for helping to pro- 
tect the vehicle occupant; 
an elongate, cylindrical inflator which is actuat- 
able to provide inflation fluid for inflating said 
inflatable device, said inflator having an axis, a 
first end portion, a second end portion, and a 
central portion between said first and second 
end portions; 

an elongate, cylindrical diffuser receiving said 
inflator. said diffuser having a central wall por- 
tion and first and second opposite end por- 
tions; and 

means for connecting said diffuser and said 
inflator with the vehicle seat; 
said central wall portion of said diffuser being 
spaced radially outward from said central por- 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 
fuser and said central portion of said inflator; 
said inflator comprising a container having a 
chamber in which inflation fluid is stored under 
pressure, an ignitak)le material for, when 
ignited, heating said inflation fluid, and ignition 
means for igniting said ignitable material and 
for opening said container, said inflator includ- 
ing at least one fluid outiet for directing heated 
inflation fluid from said inflator into said diffuser 
chamber; 

said central wall portion of said diffuser having 
a plurality of openings for directing inflation 
fluid. from said diffuser chamber into said inflat- 
able device; 

said first end portion of said diffuser extending 
radially inward from said central wall portion of 
said diffuser and blocking axial movement of 
said inflator in a first axial direction; 
said second erKj portion of said diffuser having 
a curl portion extending radially inward from 
said central wall portion of said diffuser in a 
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direction toward said axis and toward said first 
end portion of said diffuses said curl portion of 
said diffuser blocking radial movement of said 
second end portion of said inflator and blocking 
axial movement of said inflator in a second 5 
axial direction opposite to said first axial direc- 
tion. 



16. An apparatus wherein said second end portion 
of said inflator has a domed configuration including 
a convex outer surface which is presented toward 
said curl portion of said diffuser. 



10 



17. An apparatus wherein said curl portion of said 
diffuser is spaced apart from said second end por- 75 
tion of said inflator, said apparatus further compris- 
ing a cushion disposed intermediate said curl 
portion of said diffuser and said second end portion 

of said inflator, said curl portion of said diffuser 
clamping said cushion against said second end so 
portion of said inflator to block radial and axial 
movement of said second end portion of said infla- 
tor. 

18. An apparatus wherein said inflator is clamped 2S 
axially between said cushion and said first end por- 
tion of said diffuser, said inflator being free of other 
connections with said diffuser. 



19. An apparatus wherein said curl portion of said 
diffuser engages said second end portion of said 
inflator. 



30 



20. An apparatus wherein said inflator is clamped 
axially between said curl portion and said first end 35 
portion of said diffuser, said inflator being free of 
other connections wrth said diffuser. 

21. An apparatus wherein said curl portion of said 
diffuser comprises a cylindrical wall portion of said 40 
diffuser which is curled radially inward and axially In 

a direction toward said first end portion of said dif- 
fuser about a circular bending axis which is cen- 
tered on said longitudinal axis. 

45 

22. An apparatus wherein said curl portion of said 
diffuser has an inner side surface and an opposite 
outer side surface, said curl portion of said diffuser 
comprising a cylindrical wall portion which is 
deformed radially inwardly by more than 90° at a so 
plurality of locations centered on said longitudinal 
axis so that said outer side surface of said curl por- 
tion is presented in a direction toward said longitu- 
dinal axis. 



23. A vehicle safety apparatus for heaping to pro- 
tect an occupant of a vehicle seat in the event of a 
side impact to the vehicle, said apparatus compris- 
ing: 
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an inflatable occupant protection device having 
a deflated condition and being inflatable into a 
position between the side structure of the vehi- 
cle and the vehicle occupant for helping to pro- 
tect the vehicle occupant; , 
an inflator which is actuatable to provide infla- 
tion fluid for inflating said inflatable device, said 
inflator having a longitudinal axis, a ifirst end 
portion, a second end portion, and a central 
portion between said first and second end por- 
tions; 

a diffuser receiving said inflator, said diffuser 
having a central wall portion and first and sec- 
drxl opposite end portions; 
means for connecting said diffuser and said 
inflator with the vehicle seat; 
said central wall portion of said diffuser being 
spaced radially outward from said central por- 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 
fuser and said central portion of said inflator; 
sard first end portion of said diffuser extending 
radially inward from said central wall portion of 
said diffuser and blocking axial movement of 
said inflator in a first axial direction; and 
said second end portion of said diffuser 
extending radially inward from said central wall 
portion of said diffuser in a direction toward 
said longitudinal axis, said second end portion 
of said diffuser blocking axial movement of said 
inflator in a second axial direction opposite to 
said first axial direction ; 
said first and second end portions of said dif- 
fuser exerting an axial clanrping force on said 
inflator in the range of from about 80 pounds to 
akx>ut 300 pounds. 



24. An apparatus wherein said second end portion 
of said diffuser comprises a wall portion of said dif- 
fuser which is curied radially inward and axially in a 
direction toward said first end portion of said dif- 
fuser. 

25. A vehicle safety apparatus for helping to protect 
an occupant of a vehicle in the event of an impact to 
the vehicle, said apparatus comprising: 

an inflatable occupant protection device having 
a deflated condition and being inflatable intp a 
position adjacent to the vehicle occupant for 
helping to protect the vehicle occupant; 
an inflator which is actuatable to provide infla- 
tion fluid for inflating said inflatable device, said 
inflator having a longitudinal axis, a first end 
portion, a secorKi end portion, and a central 
portion between said first and second end por- 
tions; 

a diffuser receiving said inflator, said diffuser 
having a central wall portion and first and sec- 
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ond opposite end portions: 

means for supporting said diffuser and said 

inflator on the vehicle; 

said central wall portion of said diffuser being 
spaced radially outward from said central por- s 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 
fuser and said central portion of said inflator; 
said first end portion of said diffuser extending 
radially inward from said central wall portion of 10 
said diffuser and blocking axial movement of 
said inflator in a first axial cfirection; and 
said second end portion of said diffuser having 
a radial portion extending radially inward from 
said central wall portion of said diffuser in a is 
direction toward said longitudinal axis, said 
radial portion of said diffuser blocking radial 
movement of said second end portion of said 
inflator and blocking axial movement of said 
inflator in a second axial direction opposite to 20 
sajd first axial direction. 

26. An apparatus wherein said radial portion of said 
diffuser comprises a cylindrical wall portion of said 
diffuser which has an arcuate portion extending 25 
radially inward trom said central wall portion of said 
diffuser: 

27. An apparatus wherein said arcuate portion of 
said radial portion of said diffuser does not extend 30 
axially in a direction toward said first end portion of 
said diffuser 

28. An apparatus wherein said radial portion of said 
diffuser is spaced apart from said second end por- 35 
tion of said inflator. said apparatus further compris- 
ing a cushion disposed intermediate said radial 
portion of said diffuser and said second end portion 

of said inflator, said radial portion of said diffuser 
clamping said cushion against said second end 40 
portion of said iriflator to block radial and axial 
movement of said second end portion of said infla- 
tor. 

29. An apparatus wherein saki cushion is made 45 
from a compressible material. 

30. An apparatus wherein said inflator is clamped 
axially between said cushion and said first end por- 
tion of said diffuser, said inflator being free of other so 
connections with said diffuser. 

31 . An air bag module comprising: 

an elongate inflator having first and second axt- ss 

ally spaced outer sur^ce portions; 

a tubular retainer assembly at least partially 

enclosing said inflator; and 

means for securing said inflator and said 




A1 - 20 

retainer assembly together, consisting of (a) a 
first clamping portion of said tubular retainer 
assembly engaging said first outer surface por- 
tion of said inflator and blocking movement of 
said first outer surface portion of said inflator 
relative to said tubular refiner assembly, and 
(b) a second clamping portion of said tubular 
retainer assembly engaging said second outer 
surface portion of said inflator and blocking 
movement of said second outer surface portion 
of said inflator relative to said tubular retainer 
assembly. 

32. An air bag module 

wheran said retainer assembly conprises a tubular 
metal retainer having at least one opening for ena- 
bling flow of inflation fluid out of said retainer 
assembly; 

said first clamping portion of saki retainer 
assembly including a compressble cushion dis- 
posed intermediate said tubular metal retainer and 
said first outer surfece portion of saki inflator, saki 
tubular metal retainer damping saki cushion 
against said first outer surface portion of said infla- 
tor. 

33. An air bag module 

wherein said retainer assembly consists essentially 
of a tubular metal retainer having at least one open- 
ing for enabling flow of inflation fluid out of saki 
retainer assembly. 

34. An air bag module 

wherein said inflator has a txxJy portion having a 
cylindrical outer surtece which extends for substan- 
tially the entire lengtii of said body portion of said 
inflator. said first outer surface portion of said infla- 
tor comprising an engagement surface on said 
inflator disposed radially inward of said cylindrical 
outer surface of saki body portion of saki irrflator, 
said first clamping portion of said tutxjiar retainer 
assembly extending radially inward of saki cylindri- 
cal outer surface and engaging said engagement 
surface on said irrflator. 

35. An air bag module 

wherein said inflator has an end portion and said 
engagement surface on said inflator is on an end 
portion of said inflator. 

36. An air bag module 

wherein said first clamping portion of said tubular 
retainer assembly has a curl portion extending radi- 
ally inward in a direction toward a longitudinal axis 
of said inflator and toward said second clamping 
portion of said tubular retainer assembly, said curl 
portion blocking movement of said first outer sur- 
face portion of said inflator relative to said tiisular 
retainer assemk>ly. 
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37. An air bag module 

wherein said curl portion comprises a cylindrical 
wall portion of said tubular member which is curled 
radially inward and axially in a direction toward said 
second clamping portion of said tubular retainer 5 
assembly about a circular bending axis which is 
centered on said longitudinal axis. 

38. An air bag module 

wherein said first clamping portion of said tubular w 
retainer assembly comprises a radial wall portion 
extending radially inward from a central wall portion 
of said tLbular retainer assembly in a direction 
toward a longitudinal axis of said inf lator. 

15 

39. An apparatus wherein said radial portion of said 
tubular retainer assembly comprises a cylindrical 
wall portion of said tubular retainer assembly which 
has an arcuate portion extending radially inward 
froni said central wall portion off said tubular retainer 20 
assembly, and wherein said arcuate portion of said 
radial portion of said tubular retainer assembly 
does not extend axially in a direction toward said 
second clamping portion of said tubular retainer 
assenibly. 25 

40. An apparatus wherein said tubular retainer 
assembly comprises a tubular member having a 
generally cylindrical wall portion, said first and sec- 
ond clamping portions of said tubular retainer 30 
assembly being spaced apart along the length of 
said tubular member and extending radially inward 
from said generally cylindrical wall portion into 
engagement with said first and second outer sur- 
face portions of said inflator. * 35 

41. An apparatus wherein said first and second 
clamping portions comprise relatively small parts of 
said generally cylindrical wall portion which are 
deformed inward from said generally cylindrical wall 4o 
portion into engagement with said first and second 
outer sur^ce portions of said inflator. 

42. An air bag module 

wherein each one of said clamping portions 4S 
includes at least two circurnferentiafly spaced small 
parts of said generally cylindrical wall portion which 
are deformed inward from said generally cylindrical 
wall portion into engagement* with said first and 
second outer surface portions of said inflator. so 

43. An apparatus wherein said first and second 
clamping portions of said tubular retainer assembly 
are axially spaced parts of cylindrical wail portions 

of said tubular retainer assenrt^ly which encircle ss 
said inflator for more than 1 80 degrees along a por- 
tion of the length of the inflator. 

44. An apparatus wherein said cylindrical wall por- 
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tions of said tubular retainer assembly encircle said 
inflator for 360 degrees along a portion of the length 
of the inflator. 

45. An apparatus wherein said inflator is press fitted 
in said tubular retainer assembly. 

46. An apparatus wherein said inflator is clipped in 
said tubular retainer assembly by resilient wall por- 
tions of said tubular retainer assembly which 
Include said first and second clamping portions. 

Claims 

1 . A vehicle safety apparatus for helping to protect an 
occupant of a vehicle in the event of an impact to 
the vehicle, said apparatus comprising: 

an inflatable occupant protection device having 
a deflated condition and being inflatable into a 
position adjacent to the vehicle occupant for 
helping to protect the vehicle occupant; 
an inflator which is actuatable to provide infla- 
tion fluid for Inflating said inflatable device, said 
inflator having a longitudinal axis, a first end 
portion, a second end portion, and a central 
portion between said first and second end por- 
tions; 

a diffuser receiving said inflator. said diffuser 
having a central wall portion and first and sec- 
ond opposite end portions; 
means for supporting said diffuser and said 
inflator on the vehicle; 

said central wail portion of said diffuser being 
spaced radially outward from said central por- 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 
fuser and said central portion of said inflator; 
said first end portion of said diffuser extending 
radially inward from said central wall portion of 
said diffuser and blocking axial movement off 
said inflator in a first axial direction; and 
said second end portion of said diffuser having 
a curl portion extending radially inward from 
said central wall portion of said diffuser in a 
direction toward said longitudinal axis and 
toward said first end portion of said diffuser. 
said curl portion of said diffuser blocking radial 
movement of said second end portion of said 
inflator and blocking axial movement of said 
inflator in a second axial direction opposite to 
said first axial direction. 

>. A vehicle safety apparatus for heaping to protect an 
occupant of a vehicle seat in the event of a side 
impact to the vehicle, said apparatus comprising: 

an inflatable occupant protection device having 
a deflated condition and being inflatable into a 
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position between the side structure of the vehi- 
cle and the vehicle 

occupant for helping to protect the vehicle 
occupant; an inf iator which is actuatable to pro- 
vide inflation fluid for inflating said inflatable s 
device, said inflator having a longitudinal axis, 
a first end portion, a second end portion, and a 
central portion b^een said first and second 6. 
end portions; 

a dfffuser receiving said inflator, said diffuser io 
having a central wall portion and first and sec- 
ond opposite end portions; 
means for connecting said diffuser and said 
inflator with th e vehici e seat ; 
said central wall portion of said diffuser being is 
spaced radially outward from said central por- 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 7. 
-fuser and said central portion of said inflator; 
said first end portion of said diffuser extending 20 
radially inward from said central wall portion of 
said diffuser and blocking axial movement of 
said inflator in a first axial direction; and 
said second end portion of said diffuser having 8. 
a curl portion extending radially inward from 2S 
said central wall portion of said diffuser in a 
direction toward said longitudinal axis and 
toward said first end portion of said diffuser, 
said curl portion of said diffuser blocking radial 
movement of said second end portion of said 30 
inflator and blocking axial movement of said 
inflator in a second axial direction opposite to 
said first axial direction. 9. 

3. An apparatus as set forth in claim 2 wherein said 35 
central wall portion of said diffuser comprises a ' 
cylindrical wall having a cylindrical inner surface; 

said central portion of said inflator having a 
cylindrical outer surface which is spaced radially 
inward from said cyfindrical inner surface of said dif- 4o 
fuser and having at least one fluid outlet for direct- 
ing Inf lation fluid from saki inflator into said diffuser 
chamber; ' 

said central wall section of said diffuser hav- 
ing a plural'rty of openings for directing inflation fluid 4S 
from said diffuser chamber into saki inflatable 
device. 

4. An apparatus as set forth in one or more claims 
wherein said curl portion of said diffuser comprises so 
a cylindrical wall portion of said diffuser which is 
curled radially inward and axially in a direction 
toward said first end p>ort)on of said diffuser about a 
circular bending axis which is centered on said lon- 
gitudinal axis. 55 

5- An apparatus as set forth in one or more claims 
wherein said curl portion of said diffuser has an 
inner side surface and an opposite outer side sur- 



face, said curl portion of said diffuser comprising a 
cylindrical wall portion which is deformed radially 
inwardly by more than 90'' at a plurality of tocations 
centered on said longitudinal axis so that said outer 
aide surface of said curl portion is presented in a 
direction toward said longitudinal axis. 

An apparatus as set forth in one or more claims 
wherein said inflator comprises a container having 
an inflation fluid chamber in which inflation flukd is 
stored under pressure, an ignitable material for. 
when ignited, heating said inftatioh fluid, and igni- 
tion means for igniting said ignitable material and 
fr<r opening said container, said inflator including at 
least one fluid outlet for directing heated inflation 
fluid from said inflator into said diffuser chamber. 

An apparatus as set forth in one or more claims 
wherein said curl portion of said diffusier engages 
said second end portion of said inflator to block 
radial and axial rnovement of saki second end por- 
tion of saki inflator. 

An apparatus as set forth in daim 7 wherein saki 
second end portion of said inflator has a domed 
configuration including a convex outer surface 
which is presented toward saki curl portion of saki 
diffuser. said curl portion of said diffuser engaging 
said convex outer surface at a plurality of locations 
in a circular array extending around said longitudi- 
nal axis. 

A vehrcle safety apparatus for helping to protect an 
occupant of a vehicle seat in the event of a side 
impact to the vehicle, saki apparatus comprising: 

an inflatable occupant protection device having 
a deflated condition and being inflatable into a 
position between the side structure of the vehi- 
cle and the vehicle occupant tor helping to pro- 
tect the vehicle occupant; 
an elongate, cylindrical inflator which is actuat- 
able to provide inflation fluid for inflating said 
inf Iated3le device, said inflator having an axis, a 
first end portion, a second end portion, and a 
central portion between said first and second 
end portions; , 

an elongate, cylindrical diffuser receiving said 
inflator, said diffuser having a central wall por- 
tion and first and second opposite end por- 
tions; and 

means for connecting said diffuser and said 
inflator with the vehicle seat; 
sakJ central wall portion of said diffuser being 
spaced radially outward from saki central por- 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 
fuser and said central portion of said inflator; 
said inflator comprising a container having a 
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chamber in which inflation fluid is stored under 
pressure, an ignitable material for. . when 
Ignited, heating said inflation fluid, and ignition 
means for igniting said ignitable material and 
for opening said container, said inflator indud- 5 
ing at le^t one fluid outlet tor directing heated 
inflation fluid from said inflator into said diffuser 
chamber; 

said central wall portion of said diffuser having 
a plurality of openings for directing inflation 10 
fluid from said diffuser chamber Into said inflat- 
able device; 

said first end portion of said diffuser extending 
radially inward from said central wall portion of 
said diffuser and blocking axial movement of is 
said inflator in a first axial direction; 
said second end portion of said diffuser having 
a curl portion extending radially inward from 
said central wall portion of said diffuser in a 
direction toward said axis and toward said first so 
end portion of said diffuser, said curl portion of 
said diffuser blocking radial movement of said 
second end portion of said inflator and blocking 
axial movement of said inflator in a second 
axial direction opposite to said first axial direc- ss 
tion. 

10. An apparatus as set forth in claim 9 wherein said 
second end portion of said inflator fias a domed 
configuration including a conv&c outer surface 30 
which is presented toward said curl portion of said 
diffuser. 
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An apparatus as set forth in any of the preceding 
claims wherein said curl portion of said diffuser is 35 
spaced apart from said second end portion of said 
inflator, said apparatus further comprising a cush- 
ion disposed intermediate said curl portion of said 
diffuser and said second end portion of said inflator, 
said curl portion of said diffuser clamping said 4o 
cushion against said second end portion of said 
inflator to block radial and axial movement of said 
second end portion of said inflator. 



12. An apparatus as set forth in claim 1 1 wherein said 4S 
inflator is clamped axially between said cushion 
and said first end portion of said diffuser. said infla- 
tor being free of other connections with said dif- 
fuser, and 

wherein preferably said curl portion of said so 
diffuser engages said second end portion of said 
inflator. 



13- An apparatus as set forth In claim 12 wherein said 
inflator is clamped axially between said curl portion 
and said first end portion of said diffuser. said infla- 
tor being free of other connections with said dif- 
fuser. 
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14. An apparatus as set forth in claim 13 wherein said 
curl portion of said diffuser comprises a cylindrical 
wall portion of said diffuser which is curled radialiy 
inward and axially in a direction toward said first 
end portion of said diffuser about a circular bending 
axis which is centered on said longitudinal axis, 

and/or wherein preferably 
said curl portion of said diffuser has an inner side 
surface and an opposite outer side surface, said 
curl portion of said diffuser comprising a cylindrical 
wall portion which is deformed radially inwardly by 
more than 90** at a plurality of locations centered on 
said longitudinal axis so that said outer side surface 
of said curi portion is presented in a direction 
toward said longitudinal axis. 

1 5. A vehicle safety apparatus for heaping to protect an 
occupant of a vehicle seat in the event of a skle 
impact to the vehtele. said apparatus comprising: 

an inflatable occupant protection device having 
a deflated condition and being inflatable into a 
position between the side sfructure of the vehi- 
cle and the vehicle occupant for helping to pro- 
tect the veNde occupant; 
an Inflator which is actuatable to provide Infla- 
tion fluid for inflating said inflatable device, said 
inflator having a longitudinal axis, a first end 
portton. a second end portion, and a central 
portion between said first and second end por- 
tions; 

a diffuser receiving said inflator. said diffuser 
having a cenfral wall portion and first and sec- 
ond opposite end portions; 
means for connecting said diffuser and said 
inflator with the vehicle seat; 
said central wall portion of said diffuser being 
spaced radially outward from said central por- 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 
fuser and said central portion of said inflator; 
said first end portion of said diffuser extending 
radially inward from said central wall portion of 
said diffuser and blocking axial movement of 
said inflator in a first axial direction; and 
said second end portion of said diffuser 
extending radially inward from said central wall 
portion of said diffuser in a direction toward 
said longitudinal axis, said second end portion 
of said diffuser blocking axial movement of said 
inflator in a second axial direction opposite to 
said first axial direction; 
said first and second end portions of said dif- 
fuser exerting an axial clanping force on said 
inflator in tiie range of from about 80 pounds to 
about 300 pounds. 



16. An apparatus as set forth in daim 15 wherein said 
second end portion of said diffuser 'comprises a 
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wall portion of said diffuser which is curled radially 
inward and axially in a direction toward said first 
end portion of said diffuser. 

1 7. A vehicle safety apparatus for helping to protect an s . 
occupant of a vehicle in the event of an impact to 

the vehicle, said apparatus comprising: 

an inflatable occupant protection device having 
a deflated condition and being inflatable into a io 
position adjacent to the vehicle occupant for 
helping to protect the vehicle occupant: 
an inflator which is actuatable to provide infla- 
tion fluid for inflating said inflatable device, said 
inflator having a longitudinal axis, a first end is 
portion, a second end portion, and a central 
portion between said first and second end por- 
tions; 

a diffuser receiving said inflator, said diffuser 
having a central wall portion arid first and sec- 20 
ond opposite end portions; 
means for supporting said diffuser and said 
inflator on the vehicle; 

said central wail portion of said diffuser being 
spaced radially outward from said central por- 2S 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 
fuser and said central portion of said inflator; 
said first errd portion of said diffuser pending 
radially inward from said central wall portion of 30 
said diffuser and blocking axial movement of . 
said inflator in a first axial direction; and 
said second end portion of said diffuser having 
a radial portion extending radially inward from 
said central wall portion of said diffuser In a 35 
direction toward said longitudinal axis, said 
radial portion of said diffuser t>lock]ng radial 
movement of said second end portion of said 
inflator and. t>locking axial movement of said 
inflator in a second axial direction opposite to 4o 
said first axial direction. 

18. An apparatus as set forth in claim 17 wherein said 
radial portion of said diffuser comprises a cylindri^ 

cal wall portion of said diffuser which has an arcu- 45 
ate portion extending radially inward from said 
central wall portion of said diffuser. 

and/or wherein preferably 
said arcuate portion of said radial portion of said 
diffuser does not extend axially in a direction toward so 
said first end portion of said diffuser, 

and/or wherein preferably 
said radial portion of said diffuser is spaced apart 
from said second end portion of said inflator, said 
apparatus further comprising a cushion disposed ss 
intermediate said radial portion of said diffuser and 
said second end portion of said inflator, said radial 
portion of said diffuser clamping said cushion 
against said second end portion of said inflator to 



block radial and axial movement of said second end 
portion of said inflator, 

and/or wherein preferably 
said cushion is made from a compressible material, 

and/or wherein preferably 
said inflator is clamped axially between said cush- 
ion and said first end portion of said diffuser, said 
inflator being free of other connections with said dif- 
fuser. 

19. An air bag module comprising: 

an elongate inflator having first and second sua- 
ally spaced outer surface portions; 
a tubular retainer assembly at least partially 
enclosing said inflator; and 
means for securing said inflator and said 
retainer assembly together, consisting of (a) a 
first clamping portion of said tubular retainer 
assembly engaging said first outer surface por- 
tion of said inflator and blocking movement of 
said first outer surface portion of said inflator 
relative to said tubular retainer assembly, and 
(b) a second clamping portion of said tubular 
retainer assembly engaging said second outer 
surface portion of said inflator and blocking 
movement of said second outer surface portion 
of said inflator relative to said tubular retainer 
assembly. 

20. An air bag module as set forth in claim 19 wherein 
said retainer assemt)ly comprises a tubular metal 
retainer having at least one opening for enabling 
flow of inflation fluid out of said retainer assembly; 

said first clanrping portion of said retainer 
assembly including a compressible cushion dis- 
posed intermediate said tubular metal retainer and 
said first outer surface portion of said inflator, said 
tubular metal retainer clamping said cushion 
against said first outer surface portion of said infla- 
tor. 

21. An air bag module as set forth in claim 19 wherein 
said retainer assembly consists essentially of a 
tubular metal retainer having at least one opening 
for enat^ling flow of inflation fluid out of sakJ retainer 
assembly. 

22. An air bag module as set forth in claim 19 wherein 
said inflator has a body portion having a cylindrical 
outer surface which exterxis for substantially the 
entire length of said body portion of said inflator. 
said first outer surface portion of said inflator com- 
prising, an engagement surface on said inflator dis- 
posed radially inward of said cylindrical outer 
surface of said body portion of said inflator. said 
first clamping portion of said tubular retainer 
assembly extending radially inward of said cylindri- 
cal outer surface and engaging said engagement 
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surface on said inf lator. 

23. An air bag module as set forth in clairri 22 wherein 
said inf lator has an end portion and said engage- " 
ment surface on said inflator is on an end portion of s 
said inflator. 

24. An air bag module as set forth in claim 19 wherein 
said first clamping portion of said tubular retainer 
assembly has a curl portion extending radially io 
inward in a direction toward a longitudinal axis of 
said inflator and toward said second clamping por- 
tion of said tubular retainer assembly, said curl por- 
tion blocking movement of said first outer surface 
portion of said inflator relative to said tubular is 
retainer assembly. 

25. An air bag module as set forth in claim 24 wherein 
said curl portion comprises a cylindrical wall portion 

of said tubular member which is curled radially 20 
' inward and axially in a direction toward said second 
clamping portion of said tubular retainer ^assembly 
about a circujar bending axis which is centered on 
said longitudinal axis. 

■ 25 

26- An air bag module as set forth in claim 24 wherein 
said first clamping portion of said tubular retainer 
assembly comprises a radial wall portion extending 
radially inward from a central wall portion of said 
tubular retainer assembly in a direction toward a 30 
longitudinal axis of said inflator. 

27. An apparatus as set forth in claim 26 wherein said 
radial portion of said tubular retainer assembly 
comprises a cylindrical wall portion of said tubular 35 
retainer assembly which has an arcuate portion 
extending radially inward from said central wall por- 
tion of said tubular retainer assembly, and wherein 
said arcuate portion of said radial portion of said 
tubular retainer assembly does not extend axially in 4o 
a direction toward said second clamping portion of 
said tubular retainer assembly. 

28. An apparatus as set forth in claim 19 wherein said 
tubular retainer assembly comprises a tubular 45 
member having a generally cylindrical wall portion, 
said first and second clamping portions of said 
tubular retainer assembly being spaced apart along 

the length of said tubular member and extending 
radially inward from said generally cylindrical wall so 
portion into engagement with said first and second 
outer surface portions of said inflator, 

and/or wherein preferably 
said first and second clamping portions comprise 
relatively small parts of said generally cylindrical ss 
wall portion which are deformed inward from said 
generally cylindrical wall portion into engagement 
with said first and second outer surface portions of 
said inflator. 



and wherein preferably 
wherein each one of said clamping portions 
includes at least two circumferentially spaced small 
parts of said generally cylindrical wall portion which 
are deformed inward from said generally cylindrical 
wall portion into engagement with said first and 
second outer surface portions of said inflator. 

29- An apparatus as set forth in daim 28 wherein said 
first and second clampirTg portions of said tubular 
retainer assembly are axially spaced parts of cylin- 
drical wall portions of said tubular retainer assem- 
bly v^hich encircle said inflator for more than 180 
degi ees along a portion of the length of the inflator, 

and/or wherein preferably 
sard cylindrical wall portions of said tubular retainer 
assembly encircle said inflator for 360 degrees 
along a portion of the length of the inflator. 

and/or wherein preferably 
said inflator is press fitted in said tubular retainer 
assembly, 

and wherein preferably 
said Inflator is clipped in said tubular retainer 
assembly by resilient wall portions of said tubular 
retainer assembly which include said first and sec- 
ond clamping portions. 

30- A vehicle safety apparatus for helping to protect an 
occupant of a vehicle in the event of an impact to 
the vehicle, said apparatus comprising: 

an inflatable occupant protection device having 
a deflated condition and being inflatable into a 
position adjacent to the vehicle occupant for 
helping to protect the vehicle occupant; 
an inflator which is actuatable to provide infla- 
tion fluid for inflating said inflatable device, said 
inflator having a longitudinal axis, a first end 
portion; a second end portion, and a central 
« portion between said first and second end por- 
tions; 

a diffuser receiving said inflator, said diffuser 
having a central wall portion and first and sec- 
ond opposite end portions; 
means for supporting said diffuser and said 
inflator on the vehicle; arxJ 
said central wall portion of said diffuser being 
spaced radially outward from said cerrtral por- 
tion of said inflator to define a diffuser chamber 
between said central wall portion of said dif- 
fuser and said central portion off said inflator. 
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